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A B S T R A C T

We have investigated a new continuum j -ray ipectroscopy technique which
is based on the detection of all emitted 7 rays in a 4ir detector system, and
ordering them according to their energies on an event-by-event basis. The
technique allows determination of gamma strength functions, and rotational
damping width as u function of spin and temperature. Thus, it opens up
the possibility of studying the onset of motional narrowing and the mapping
of the evolution of nuclear collectivity with spin and temperature. Appli-
cation of the technique for preferential entry-state population, exit-channel
selection, and feeding of the discrete states via selective pathways will be
discussed.

1. I N T R O D U C T I O N

In the past few year6, we have witnessed a rapid progress toward understanding
the properties of cold rapidly-rotating nuclei. For example, the spectroscopy of the
discrete superdeformed, as well as normally-deformed states in the 50 — 60ft spin range is
becoming "routine", thanks to both the ingenuity of the experimentalists, and the advent
of powerful gamma-ray detection systems. The picture, unfortunately, is not as bright
when it comes to the understanding of the nuclear properties at finite temperature. This
lack of knowledge, however, is not due to the want of interesting physics to be addressed
in this regime. Quite on the contrary, dramatic structural changes axe expected to unfold
as the excitation energy is increased. Gradual vanishing of the pairing correlations, onset
of chaos, prolate-to-oblate shape changes, melting of the shell effects, and eventually
the inability of the compound nucleus (CN) to sustain giant resonances at very high
temperatures ("death" of CN) are only a few examples of the rich and varied phenomena
yet to be explored. Equally important is the question of thermal fluctuations and the
extent to which they modify the above phase transitions.

Heavy-ion fusion-evaporation reactions remain the basic tool to form and study hot
nuclei. Unfortunately, many important parameters that influence, or even determine the
formation and decay of compound nuclei are not yet reliably known. Among these are the
evolution with spin and temperature of the level density, gamma strength functions and
transmission coefficients. These parameters determine the competition between neutron,
charged-particle, and gamma emission and, thus, critically enter into our Monte Carlo



simulations of the CN decay, upon which interpretations of the bulk of the experimental
data rest. Naturally, a vigorous theoretical and experimental effort must be undertaken
to remedy the situation before we can fully explore the various phases of nuclear matter
at finite temperature that was outlined above.

At ORNL, we have utilized a variety of complementary probes and experimental

techniques to 6tudy the nuclear response to the DIFFERENTIAL effects of increasing

spin and temperature for constant values of intrinsic excitation energy (U) and spin

(I). The focus of the present work is the investigation of a new experimental technique

to probe variations of gamma strength functions, and rotational damping width (Trmt)

with spin and temperature. We have also Etudied the effects of high-energy 7-ray gating

on the entry-state population, exit-channel selection, and feeding of the yrast line via

selective pathways. A preliminary result of these studies are presented in the following

sections.

2. EXPERIMENTAL TECHNIQUE

This new technique revolves around nearly-complete detection of the deexcitation
7-rays of compound nuclei, and ordering them according to their energies on an event-
by-event basis. For an ideal rigid rotor, energies of the emitted 7-rays increase linearly
with spin. Thus, histograming energies of the 1st, 2nd, ..., Nth emitted 7 rays that
belong to the same cascade will result in a "picket fence" of equally-spaced sharp peaks
that are separated by A(£ 7 ) = 4S3/J*2'. Therefore, for a given rotational baud, the
energy of each 7 ray directly reflects its relative position in that cascade, and identifies
the spin of the state from which it originated. Motivated by this picture, we will adopt
an ordering scheme where the 7-ray with the highest (lowest) energy will be labeled as
the first (laBt) 7 ray emitted in the event. (It should be emphasised that this labeling
procedure is strictly operational and that, because of the statistical transitions, the first
emitted 7 ray does not have the highest energy in every event.)

However, two factors perturb this simple relationship in realistic nuclei. First, be-
cause of the mixing of rotational bands in warm nuclei that sets in at excitation energies
of £/ ~ 1 — 2 MeV ( see discussion of rotational damping width in Sec. 5), a mixed
state at spin I will decay to an ensemble of states with a nearly Gaussian distribu-
tion. Therefore, 7-ray cascades that result from deexcitation of collective states at finite
temperature will produce a picket fence of nearly-Gaussian peaks. Conversely, in an
ideal experiment performed with 100% detection efficiency, the observed widths of these
Gaussian distributions would reflect TT0t. A second confounding factor arises from the
competition between the statistical cooling transitions and the collective intraband tran-
sitions. Because of the irregularity of the energies of the statistical cooling transitions,
they are randomly interspersed between the regular collective transitions. Therefore,
they produce exponentially-sloping shoulders that are superimposed on the above Gaus-



6ian peaks, and result in skewed distribution functions. From the slopes and intensities
of the high- and low-energy shoulders we can infer the cooling rate and the E1/E2 ratios
of gamma strength functions along the deexcitation pathway. Thus, after correcting for
detector response functions, the experimentally observed deviations from the ideal rigid-
rotor pattern may be used to deduce important information about nuclear properties at
finite temperature.

To do so requires use of 47r-detector systems that detect nearly all emitted 7 ray6.
Moreover, such detectors are needed to obtain total energy (E), and multiplicity (M)
information in order to isolate decay pathways that originate from small regions of the
(E,I) map. Comparison of energy-ordered 7-ray spectra that correspond to decay path-
ways at constant M, and U will then reveal the differential effects of temperature and
spin, respectively, on the E1/E2 competition, Trct, and dynamical moments of inertia

We have applied these ideaE to the case of well-deformed 1T0Hf nucleus which was
produced in the 13OTe(44Ca,4n) reaction at 195.5 MeV beam energy. The experimental
setup consisted of the Spin Spectrometer1 and the ORNL Compton-Suppression Spec-
trometer System (18 Ge detectors). The high-resolution 7 data collected with the Ge
detectors have been analyzed to establish both an extensive decay scheme, and to ob-
tain estimates of TTmt over the range of 2J7 = 700 - 1200 using 7-7 energy correlation
technique.2 The latter information will provide an independent check on the validity of
the new technique proposed here.

The Nal elements of the Spin Spectrometer were used to obtain both continuum
7 ray spectra, and information regarding the total coincidence pulse height (H), and
fold (k). Discrete 7 rays emitted from the low-lying states in 1T0Hf were used as gates
in order to uniquely identify cascades associated with this residual nucleus. Figure 1
showE histograms of the energy-ordered (1st, 2nd, 3rd, 4th, 6th, and 10th) 7 rays from
k=20 fold events. (Again, it must be emphasised that what we label as the "first"
7 ray is different than the so called "first-generation" statistical 7 ray described in,
e.g., Ref. 3.) The slopes of the high-energy statistical tails of these spectra quickly
become steeper as we go to the later transitions, clearly reflecting the effects of cooling
process. For N>5 (where N i6 the ordinal number of the 7 ray), the distributions become
nearly Gaussian, with some statistical tails. Assuming that centroids of these spectra
correspond to the average 7-ray energies, we extracted dynamical moments of inertia,
Jl*\ which are in good agreement with the average values obtained from the high-spin
discrete band structures in this nucleus.

It is worth noting that although the high-energy statistical 7 ray6 (Ey > 5 MeV)
are well described by an exponential curve, the low-energy statistical transitions are
superposition of several exponential curves with differing slopes and can not be approxi-
mated by a single exponential curve (see Fig. 1). Therefore, an attempt to subtract the



statistical transitions using a simple exponential curve is bound to introduce significant
distortions at low energies.
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Figure 1: Energy-ordered 7 rays for k=20 events.

3. EFFECTS OF HIGH-ENERGY 7-RAY GATING ON ENTRY-STATE
POPULATION AND CHANNEL SELECTION

In order to gain maximum sensitivity in their measurements, experimental nuclear
physicists continously strive to achieve as much control on event selection as possible.
This is usually done by construction of more powerful detectors, and refinements of ex-
perimental techniques. In nuclear-6tructure studies of compound nuclei, construction of
Air detectors (such as the Spin Spectrometer) was a major step forward in this direc-
tion. By providing information on H (proportional to total excitation energy, E) and
k (proportional to spin), the Spin Spectrometer offers a significant filtering capability.
For example, even if the entry distribution of the different residual nuclei overlap to
some extent, a. significant degree of exit-channel selection is achieved by the so called
(H,k) gating technique. Additional selectivity requires use of other independent observ-
ables that would remove the (H,k) degeneracy in the overlapping regions. Here, we shall
examine the effectiveness of the high-energy statistical 7 rays, which to the first order
are proportional to the intrinsic excitation energy (U) of the CN, to provide selectiv-
ity for temperature, entry distribution and channel selection. For the purpose of this
study, we have summed up the energies of the first two 7 rays to reduce tae effects of
less-than-complete detection efficiency. We shall denote this quantity as £",.,+-,,•



3.1 Temperature and Entry-Distribution Selection

Studies of feeding mechanisms into high-spin yrast states (both normal and superde-
formed), and of temperature effects on nuclear structure require the ability to select the
temperature of entry distributions. As shown in Fig. 2, thi6 may be achieved by gating
on the high-energy 7 ray6. The entry lines corresponding to a low (< 3 MeV), and high
(> 5 MeV) gates on Eli+yi (triangles and open circles, respectively) are separated by
~ 5 - 6 MeV over a wide range of k. The ungated entry line (filled circles) that reflects
the total entry distribution falls roughly midway between the two extremes. The effects
of these gates on the k-distribution (top panel of Fig. 2) amount to*a centroid shift of
nearly six transitions. Thus, high-£?7 gating provides a simple and very effective filter of
the temperature of the entry distribution, and may be used to isolate regions of different
excitation energy to 6tudy nuclear response at finite temperature.
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Figure 2: Entry-state distribution < H >
as a function of the fold (k) with gates 6et
on the high-energy gamma: By < 3 MeV
(triangles), and Ey > 5 MeV (open circles).
The filled circles show the total entry-6tate
distribution. The top panel shows the corre-
sponding fold distributions.

3.2 Exit-Channel Selection and High-Spin Yrast State Feeding

Because of the ability of high-£7 gating to lift the (H,k) degeneracy by nearly one
neutron B.E., it provides a simple and effective filter for exit-channel selection either
alone or in conjunction with (H,k) gating. Figure 3 6hows Ge-spectra obtained subject
to high (panel c), and low (panel b) E^l+yi gates. While 7 rays in the 4n channel 1T0Hf,
whose production is maximized in this reaction, dominate the spectrum in panel (c), the
yield of the bu channel leading to 1MHf significantly exceeds that of 1T0Hf in panel (b).



Additional use of k-gating would further increase this selectivity.
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Figure 3: Gamma-ray spectra gated by the high-energy 7 ray: (c) Ey > 5

MeV; (b) Ey < 3 MeV; and (a) the ratio of the two spectra in (b) and (c). The
prominent reaction channels identified in the figure are: 1MHf (squares), 1MHf
(triangles), positive-parity yrast band in 1T0Hf (filled circles), and negative-
parity side bands in IT0Hf (open circles).

Because of the interest in the study of very high-spin discrete states, it is important to
devise gating techniques that would enhance feeding of these states. Since collective E2
strength persists at high excitation energies, and carries some of the 7 -ray flow parallel
to the yrast line, cascades that originate from hot entry distributions reach the near-yrast
states at lower spins compared to those that start from colder entry regions. Thus, it is
expected that gates on the low values of Eyl+y7 , which select cold entry region, should



enhance feeding into the high-spin states. Figure (3a) shows a ratio Epectrum obtained

by dividing the "cold" spectrum of (3b) by the "hot" spectrum of (3c), and illustrates

the enhancement factors in a simple way. The 7 ray6 in the 6n and 5n channel (squares

and triangles, respectively) which are stronger in Fig. (3b) give rise to the largest peaks

in the ratio spectrum, indicating largest enhancement factors. In contrast, 7 rays in the

4n channel 170Hf which are 6trong in Fig. (3c) will appear as dips or "inverted peaks"

in the ratio spectrum (circles). If the feeding patterns to the high-Epin states were the

same in the two gates, then the enhancement factors would stay constant for the 7 rays

belonging to the same residual nucleus. (Although, they will be different for different

exit channels.) In Fig. (3a), it is apparent that the inverted peaks (associated with 170Hf)

deviate significantly from a constant value. First, transitions belonging to the positive-

parity yrast sequence (the inverted peaks labeled with filled circles) are nearly a factor

of two deeper than those belonging to two of the odd-spin side bands that become the

yrast sequence at high Bpins (labeled with open circles). This implies that feeding of the

high-spin yrast states are enhanced by nearly a factor of two when populated from the

cold vs. hot entry regions. This is true despite the fact that the higher energy E7l+V

gate populates the hot entry region at slightly higher spin6. Interestingly, with increasing

spin, the inverted peaks associated with the positive-parity yrast sequence in Fig. (3a)

become smaller and indicate that feeding is also enhanced at higher spins within the

same band. Thus, by influencing the temperature of the entry region, high-energy 7

gating exerts a very strong influence on the population of the high-spin states.

3.3 Population of the Superdeformed States

Recently, there has been extensive discussion of the best conditions under which the
discrete superdeformed (SD) states are populated. Taras et a/.4 have suggested that
the necessary criterion for population of SD bands is to form cold residual nuclei at
spins higher than those where SD states become yrast. However, they could not find
experimental evidence for the mechanism proposed by Herskind et al.f that, thanks to
the enhanced El decay probability into the superdeformed minimum, transition through
SD states may be enhanced by a factor of 3 by demanding presence of a high-energy
statistical 7 ray (Ey > 5 MeV). Indeed, population of the yrast SD band in 14*Gd was
reduced by a factor 2 when gating on £ 7 > 5 MeV vs. JS7 < 3 MeV 7 rays. This
reduction has also been observed by Haas et at. at two bombarding energies.6

These results are hardly surprising in view of our findings in Sec. 3.2 that it is the
low-energy Eyl+y3 gating that enhances feeding into the high-spin yrast states. Evidence
that same feeding mechanism also applies to the SD states may be found in the data from
Daresbury7 on 1MDy: a comparison of the statistical 7 rays when gated by transitions
from the normal and SD states clearly reveals an enhancement of the low-energy 7
rays (E7 < 3 MeV) for the gate set on the SD states. However, these findings do not
necessarily invalidate the mechanism discussed in Ref. 5, which can be investigated only



after removal of the strong bias that statistical 7 -ray gating introduces into the entry-
state population. This may be achieved by combining high E-, gating with an appropraite
(H,k) gate that would constraint variation of the entry region.

We have studied this question by setting low and high gates on the E7I+Ji , while

constraining the entry distribution to a narrow (H,k) box (k=16, AH = 0.8 MeV).

Surprisingly, the lower gate on Eyl+7, shows an enhanced population of 1MHf as compared

to 170Hf. It would be difficult to explain this result in terms of nuclear structure effects,

since the two nuclei have similar yrast lines. It is more likely that, because of the

limited resolution of the Spin Spectrometer in detecting H and k, the actual entry region

still varies because of the E-,l+-,, gating despite the constraints of a fixed (H,k) gate.

Thu6, the channel selectivity of the EJ1+y3 gating Etill manifests itself. However, if this

explanation iE correct, the high spin states must be enhanced in the low E-, vs. high £ 7

gate. The fact that the feeding pattern is the came in both gates may imply that the

expected enhancement due to the shift in the entry-distribution is cancelled out by an

equal enhancement due to high £ , gating. Therefore, although it is not likely that high

E^ gating alone would enhance SD feeding, it could succeed if used in conjunction with

(H,k) gating. Our results suggest that gating on high-energy 7 rays would be a useful

technique to study the continuum and excited SD structures.

4. ELECTROMAGNETIC S T R E N G T H F U N C T I O N S

Deexcitation of the compound nuclei from the entry region down to the ground state
takes place via emission of both collective and statistical 7 rays. Therefore, study of the
spin-temperature effects in "warm" nuclei requires a detailed knowledge of the electro-
magnetic strength functions that govern 7 emission, and directly enter into the Monte
Carlo simulations that are used to interpret the experimental data. Almost universally,
these statistical models assume constant Weisskopf estimates for the coefficients Cox over
the whole deexcitation region. (Cox determines the strength of gamma emission of mode
OX.) The simulation calculations then serve to determine the (CBIJCBZ) ratio (which
governs the statistical-to-collective competition) from fits to the sidefeeding intensities
and lifetimes. However, this simple picture of the gamma strength functions has never
been verified experimentally, or theoretically.

Despite the fact that gamma strength functions have been the subject of extensive
research for more than three decades, our empirical knowledge remains very limited. The
El strength function is known only for the low-spin states from neutron-capture gamma
rays and giant dipole resonance studies. These studies have revealed that, compared to
the Lorentzian strength functon, the El strength is suppressed at low 7 ray energies, and
displays a "pygmy" resonance whose resonance energy increases with neutron number
for the rare-earth and heavier nuclei.8 These data have been combined with information
from average resonance capture studies to infer an Ml strength of nearly one Weisskopf



unit for the 7 rays that deexcite the low-spin states situated at an excitation energy of

nearly one neutron binding energy.9
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Figure 4: Evolution of the quadrupole (solid curves) and dipole (dashed curves)
multipolarity spectra with increasing spin (left to right) and excitation energy
(bottom to top) at constant E* and multiplicity M, respectively (E* denotes
the excitation energy above the yeast line). Each panel is labeled with the cor-
responding values of E* and M. Noteworthy structures that become strong at
high intrinsic energy and multiplicities are a qudrupole bump (E7 asl.15 MeV),
and a broad dipole structure (Ey asl.5—3 MeV).

Complementary information about the strength functions at higher spins, and over
the whole (U,I) map may be obtained from heavy-ion fusion-evaporation reactions. How-
ever, a model-independent analysis of data from such reactions has been possible only
for the discrete transitions (E 7 < 1 MeV) that connect the near-yrast states. In the first
detailed study of the continuum 7 rays using the (H,k)-gating technique at ORNL, it was
discovered that, at high spins, the nucleus l t aYb changes from noncollective structures
near the yrast line to collective structures near the entry region.10*11 This transition is



manifested by the onset of a broad collective E2 (centered at £ 7 ~ 1.2 MeV), and fast
energetic Ml (centered at Ey ~ 2.5 MeV) structures that grow in intensity with increas-
ing exc.tation energy as shown in Fig. 4. The deduced Ml strength of nearly 1 W.U.
is consistent with that measured in neutron-capture studies for the low-spin states at
comparable excitation energies.9

Theoretically, a similarly unexpected result was recently reported by Egido and Wei-
denmuller who studied spin-temperature dependence of the gamma strength functions
using selfconsistent RPA-plus-finite temperature CHFB calculations." They have con-
cluded that, far from being constant, the electromagnetic strength functions fluctuate
widely with spin and excitation energy as shown in figure 5. For Ey < 3 MeV, the Ml
transitions dominate over the the El transitions at high excitation energies. Therefore,
we have neither experimental, nor theoretical justification to assume that the El transi-
tions are primarily responsible for the cooling process, or the gamma strength functions
remain constant over the whole (U,I) map. It follows that using oversimplified simula-
tion calculations to interpret the experimental data may oftentimes lead to the wrong
conclusions. For example, one can reproduce the feeding pattern of the yrast states using
widely different assumptions about the E2 and Ml strength functions, since the cooling
procesE is sensitive to only the ratios of these parameters.13
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Figure 5: The RPA strength-function ratios S(El)/S(E2), S(El)/S(Ml) and
S{M1)/S(E2) vs. 7 -ray energy (in MeV) at a temperature T=0.7 MeV, and
for three rotational frequencies Ku =0.075, 0.275, and 0.575 MeV (left to right,
respectively). Figure is adopted from Ref. 12.

These ambiguities are overcome in the present work which solves a highly overdeter-
mined system. In addition to reproducing the yrast-feeding intensities and lifetimes, we
fit the spectral shapes of nearly 5000 spectra to determine the collective E2, and statis-
tical E1.M1, and E2 strength functions over 256 grid points that cover the entire (H,k)



map. As an additional check, the simulated total dipole and quadrupole spectra that
originate from each of these grid points will be compared with the corresponding experi-
mentally determined 6pectra. This procedure ensures that not only have we determined
the correct ratios of the strength functions for any given pathway, but also their correct
absolute values.

Schematically, the analysis involves classification of the (H,k) grid points according
to their intrinsic excitation energies, and fitting the spectral shapes starting with the
lowest-lying isotherms. In the spectra of the "first" 7 rays, the El and Ml strengths
affect the slope of the high- and low-energy shoulders, respectively. After fitting these
slopes, the E2 strength is adjusted to reproduce the correct sidefeeding into the yrast
stateE. The sidefeeding intensities are determined from projections of the Ge spectra
subject to the same gating condition. This procedure is then repeated for the isotherms
lying successively at higher excitation energies. However, since 7 decay from these points
passes through the colder regions, the spectra for the second, third, ... 7 rays are
once again sensitive to the strength functions associated with the "colder" isotherms.
Therefore, the spectra from the higher-lying isotherms provide additional constraints on
the strength functions of the lower grid points. Hence, the system being overconctrained
by a factor of nearly five, is ensured to be free from having a multitude of solutions. The
simulations are being carried out using the GAMBLE code of Leander14, which allows for
a variety of El strength functions, rotational damping widths, and the experimentally
determined detector response functions and coincidence gating conditions.

5. ROTATIONAL D A M P I N G

It is now estimated that rotational damping sets in at excitation energies of U a 1 — 2
MeV above the yrast line. This fragments the B(E2) transition strength that connects
the collective states at spins I and (1-2), and gives it a Gaussian distribution with a
FWHM value of Tr9t(U, / ) . The variation of the rotational damping width with spin
and temperature has been studied by the Copenhagen group1', which has predicted an
initial rise in TTtt with increasing U, followed by a fall off of Trml at higher excitation
energies." The fall off in F,* is analogous to the motional narrowing phenomenon that
has been observed in nuclear magnetic resonance. It would be interesting to investigate
the evolution of Tr0t with excitation energy in order to verify the presence of motional
narrowing in the more complicated nuclear systems.

Current studies of P,* revolve around determination of the loss of energy correlation
in high-resolution double- and triple-gamma coincidence data.17-11 In this approach, Trmt

values are determined as a function of 7 ray energies, and reflect the average damping
width along a pathway that becomes increasingly more hot as the 7 ray energy increases.
They , therefore, lack thermal specificity.

In the present analysis, following the emission of the first few 7 rays which are dom-



inated by the high-energy statistical transitions, the energy-ordered 7 rays assume a
nearly Gaussian shape (e.g., see the N=10 spectrun in Fig. 1). The FWHM of this dis-
tribution is partly due to the detector response function, and partly due to the damping
width. Therefore, after allowance has been made for the instrumental effects, and the
statistical transitions that give rise to the shoulders, the remaining width 16 attributed
to the TTOi. The temperature effects on Fro, may then be studied by moving the (H,k)
grid point to higher excitation energies.
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Figure 6: The evolution of the FWHM of the histograms of the energy-ordered
7 rays as a function of their centroids for entry states at 2, 4, and 8 MtV
excitation energy. They represent an upper bound on the TT9t values. For
comparison, TTot values obtained from 7-7 energy correlation studies of the
neighbouring nuclei are also shown (see text).

Figure 6 shows the FWHM of the raw, uncorrected data for three excitation energies
(U—2,4, and 8 MeV). For comparison, TTol values obtained from 7 -7 energy correla-
tion analysis of m H f (diamonds) at ORNL1, and ie8Hf (open squares) at NBI1* are also
shown. The filled square reprents Tret value for 1MYb obtained from a triple-7 correlation
analysis by the NBI group.19 Because of the detector response function (e.g., finite reso-
lution, misordering due to finite solid angle and detection efficiency, and a continuum of



Compton background), as well as the broadening due to the statistical transitions which
increases with increasing temperature, the plotted FWHM values represent an upper
bound on rro,. Although it is difficult to draw firm conclusions about the evolution
of Fral with excitation energy from these uncorrected data, it is possible to get some
qualitative estimates. Since the lowest curve corresponds to a very cold system (U=2
MeV), it may be taken as the reference to represent ail the instr-mental effects. We can
then crudely estimate TT,t at U=4 and 8 MeV. These values are of the same order of
magnitude as those obtained from 7-7 correlation analysis, and grow slower than y/T
which is the expected dependence in the absence of motional narrowing. Naturally, a
full analysis of the data is needed to confirm these preliminary trends.

6. SUMMARY

Nuclei are expected to undergo dramatic structural changes at finite temperatures.
Onset of chaos, damping of the rotational motion, pairing phase transition, shape changes,
melting of the shell structure, and thermal fluctuations axe a few of the fascinating topics
to be explored in warm nuclei. Unfortunately, technical difficulties have seriously im-
peded our experimental studies of these finite-temperature effects. With the prospects
of the next generation of powerful 7 -detection systems in mind, we have investigated a
new continuum 7 -ray spectroscopy techniqus that opens up the possibility of address-
ing some of these problems. This technique allows determination of gamma strength
functions, rotational damping widths, and jW moments of inertia as a fuction of spin
and temperature. The preliminary results indicate that TT9t{U) increases slower than
Xj(i/<)) which suggests presence of some saturation effeci. The technique of high-energy 7
gating may also be applied to isolate either "hot", or "cold" regions of the entry state for
finite-temperature effect studies. As a result, it provides a powerful filter to select exit-
channels of interest, or to significantly enhance feeding of the near-yrast discrete states
by populating the cold entry states. This has important implications for the study of
feeding into the Euperdeformed states.

Oak Ridge National Laboratory is managed by Martin Marietta Energy Systems, Inc.
for the U.S. Department of Energy under contract No. DE-AC05-84OR21400.
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